The levels of six glycolytic enzymes were studied in three different populations of M. robU8tU8. Significant interpopulation differences were found for five of the enzymes. Glucose-6-phosphate dehydrogenase levels are up to three times higher than those found in eutherians. Keto-I-phospha.te aldolase substrate specificity differs radically from that found in eutherians. The enzymes studied are independently regulated.
I. INTRODUOTION
reported the discovery of a cline in glucose-6-phosphate dehydrogenase levels in the euro, or wallaroo, Macropus robustus, these levels being high in central Australian popUlations and low in the eastern coastal popUlations. This situation appeared to be suitable for a study of the adaptation of other enzymes in the same metabolic pathway, as it has allowed the evolution of the pathway under different environmental conditions to be examined.
The levels of the following enzymes were estimated: (I) glucose-6-phosphate dehydrogenase (E.C.1.1.1.49), (2) phosphogluconate dehydrogenase (E.C.l.l.l.44), (3) glucosephosphate isomerase (E.C.5.3.1.9), (4) hexokinase (E.C.2.7.l.I), (5) keto-I-phosphate aldolase (E.C.4.1.2.7), (6) NADP-malate dehydrogenase (E.C.1.1.1.40). M. robustus is found throughout mainland Australia wherever rocky outcrops occur. The species has been subdivided into a number of subspecies (Schwartz 1910) ; the two included in the present investigation are the central Australian "euro" M. robustus erubescens (Sclater, 1870) and the eastern coastal "wallaroo" M. robustus robustus (Gould, 1841).
II. METHODS
Blood samples were collected from animals shot in the field. The blood was taken from the heart and placed in a tube containing heparin. Immediately after collection the samples were stored in an insulated box containing ice. They were centrifuged within 24 hr of collection (3) Samples from coastal wallaroos were collected at Ooolatai in north-eastern New South Wales.
The enzymes were assayed spectrophotometrically, at 2s00, by following the change in the oxidative state of either NADP or NAD. The following standard published assay methods were used: glucose-6-phosphate dehydrogenase and phosphogluconate dehydrogenase-Zinkham, Lenhard, and Ohilds (195S); glucosephosphate isomerase- Noltmann (1966) ; hexokinase- Walker and Parry (1966) ; keto-I-phosphate aldolase-Raj kumar, Woodfin, and Rutter (1966); and NADP-malate dehydrogenase- Ochoa (1955) . The unit of activity in all cases is the quantity of enzyme which uses 1 !Lmole of substrate per minute. It is expressed as units per gram of haemoglobin. Haemoglobin concentration was determined by the cyanmethaemoglobin method (Anon. 1967) .
The levels of all the enzymes cited above were estimated on every blood sample and correlation coefficients between the enzymes calculated. On each working day two blood samples from each area were assayed thus removing the possibility of differential treatment of samples from the various areas.
III. RESULTS
The enzymatic activity of fresh samples from an inland and two coastal animals were compared with preserved samples from the same animals collected at least 12 months earlier. There was no significant reduction in activity of any enzyme. Animals from each of the three populations, reared on similar diets in the University's yards near Sydney, were found to have enzyme levels comparable with those of their parent populations. Sex and age had no apparent effect. All animals were sexually mature, with the exception of several coastal animals which were at least 18 months old.
The results are summarized in Table 1 . For each enzyme a comparison was made of every possible pair of populations using Students t-test. The variances were compared using the F test and where significant differences were found t' tests (Steele and Torrie 1960) were used in place of the usual t-test. The results of these calculations are summarized in Table 2 . 
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IV. DISCUSSION 
(a) Glucose-6-P1wsphate Dehydrogenase
Results for the assey of this enzyme clearly show the cline reported by Richardson and Czuppon (1969) who showed that the level in a population is correlated with the rainfall in the area. This suggests that selection has acted in some way to give the particular levels of the enzyme.
(b) Phosphogluconate Dehydrogenase
These levels also showed significant variations from area to area, inland animals having the lowest and coastal animals the highest. This is the reverse of the situation found with glucose-6-phosphate dehydrogenase of which there is about '10 times more activity than phosphogluconate dehydrogenase. The latter enzyme is normally taken to be the rate-limiting one in the pentose-phosphate pathway (Scrutton 1968) .
(0) Hexokinase
Hexokinase was found to be present in low concentrations and the populations did not differ significantly. The assays were performed with glucose as the substrate, but slightly higher levels of activity are obtained with fructose. The method used was tested by measuring hexokinase levels in mouse livers and values for these estimations were similar to those reported in the literature (Spector 1956 ).
(d) Glucosephosphate Isomerase
The activity of this enzyme in the intermediate population was significantly lower than in the other two populations.
(d) Keto-i-phosphate Aldolase
There was no significant correlation between . this aldolase activity and glucose-6-phosphate dehydrogenase or phosphogluconate dehydrogenase activity as has been reported (Schrier et al. 1959) and denied (Heller and Weistein 1959) in man. The activity obtained when fructose-I-phosphate was used as the substrate was 30 times as great as the activity found when fructose diphosphate was the substrate. These substrate specificities cannot be explained by the activities of aldolase A, aldolase B, or aldolase C. The phenomenon will be further investigated.
(f) N ADP-Malate Dehydrogenase
No NADP-malate dehydrogenase could be found with the assay method used. Assays on mouse liver gave levels of activity similar to those reported by Spector (1956) .
(g) General
(1) Animals from all three populations, reared in Sydney away from their mothers, developed the enzyme levels of their parent populations. This suggests that the different enzyme levels are the result of genetic differences, and not of environmental factors.
(2) None of the correlation coefficients between any two enzymes within each population varied significantly from zero. Each enzyme is therefore independently regulated. In a number of other animals a similar situation is found for the initial glycolytic and pentose-phosphate pathway enzymes (Pette 1966 ).
(3) The level of glucose-6-phosphate dehydrogenase is greater than that reported for eutherian mammals, but the levels of the other enzymes studied do not differ significantly from those reported fot eutherians (Schweiger 1962) . Several other macropodids have also been found to have high levels, but this was not so for all members of the family (Richardson and Czuppon, unpublished data).
(4) The cline in the level of glucose-6-phosphate dehydrogenase reported by Richardson and Czuppon (1969) was thought to be a response to environmental factors, but phosphogluconate dehydrogenase shows a cline in the opposite direction. When a comparison is made of the level of glucose-6-phosphate dehydrogenase (20 units) and that of hexokinase (0·3 units) and phosphogluconate dehydrogenase (3 units), it is apparent that excessive amounts of glucose-6-phosphate dehydrogenase are present because sufficient substrate cannot be provided to permit the enzyme to work at its maximum rate. It is therefore difficult to see how the originally reported cline could have been produced by selective forces.
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